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This study was designed to prospectively determine the
incidence of QRS alternans during various types of nar-
row QRS tachycardia and to clarify the determinants of
QRS alternans. An electrophysiologic study was per-
formed in 28 consecutive patients with a narrow QRS
tachycardia. Persistent QRS alternans was observed in
6 (43%) of 14 patients during orthodromic reciprocating
tachycarda, 5 (71%) of 7 patients during atrial tachy-
cardia and 3 (43%) of 7 patients during atrioventricular
(AV) node reentrant tachycardia. Incremental atrial
pacing during sinus rhythm resulted in QRS alternans
in patients who had QRS alternans during tachycardia,
unless the shortest pacing cycle length associated with
1:1 AV conduction exceeded the tachycardia cycle length.
In patients without QRS alternans during narrow QRS
tachycardia, incremental atrial pacing during sinus
rhythm resulted in persistent QRS alternans in five pa-
tients in whom the shortest pacing cyclelength associated
with 1:1 AV conduction was 60 to 180 ms less than the
tachycardia cycle length. In an additional 20 patients
without a narrow QRS tachycardia, persistent QRS al-
The presence of QRS alternans during a narrow QRS tachy-
cardia has been reported to be highly indicative of ortho-
dromic reciprocating tachycardia involving an accessory
atrioventricular (AV) connection as the retrograde limb of
the tachycardia circuit. In a retrospective study, Green et
al. (I) found that QRS alternans was present in 37Ck of
patients during orthodromic reciprocating tachycardia, but
in only 12% and 2% of patients during atrial tachycardia
and AV node reentrant tachycardia, respectively. The ap-
parent specificity of QRS alternans for orthodromic recip-
rocating tachycardia was independent of tachycardia rate,
and the explanation for why QRS alternans may be asso-
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ternans was observed during incremental atrial pacing
in 11 (55%) of the patients. In six of six patients who
had QRS alternans during abrupt rapid atrial pacing,
QRS alternans was not observed when the same pacing
rates were achieved gradually.
Among the patients with narrow QRS tachycardia,
the mean tachycardia cycle length in those who had QRS
alternans (mean ± SD 288 ± 44 ms) was significantly
shorter than in those who did not (369 ± 52 ms, p <
0.001). The presence of QRS alternans was not related
to the tachycardia mechanism, relative or functional re-
fractory period of the His-Purkinje system (at a drive
cycle length of 500 ms), age, presence of structural heart
disease, direction of input into the AV node or concealed
retrograde conduction in the His-Purkinje system. In
conclusion, QRS alternans during narrow QRS tachy-
cardias is a rate-related phenomenon that depends on
an abrupt increase to a critical rate and is independent
of the tachycardia mechanism.
(J Am Coli Cardiol 1987;9:489-99)
ciated specifically with orthodromic reciprocating tachy-
cardia was unclear.
Our study was designed to prospectively determine the
incidence of QRS alternans during narrow QRS tachycardias
and to clarify the determinants of QRS alternans by assessing
the response to rapid atrial pacing in patients with and in
those without narrow QRS tachycardia.
Methods
Subjects studied. Our study group comprised 28 con-
secutive patients without bundle branch block who under-
went electrophysiologic study for evaluation of a narrow
QRS tachycardia and 20 patients without bundle branch
block who underwent electrophysiologic study because of
ventricular tachycardia or unexplained syncope. The clinical
features of these patients are described in Table 1. Among
the patients who had a narrow QRS tachycardia, 7 had atrial
tachycardia. 7 had AV node reentrant tachycardia and 14
had orthodromic reciprocating tachycardia. The tachycardia
07'5-1097/87/$3.50
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Table I. Clinical Features of 48 Patients Studied
Type of Tachycardia
OR Atrial AVNR None
Number 14 7 7 20
Age (yr) 42 :!: 13* 42 ± 16 50 ± 13 46 :!: 12
Men/women 9/5 3/4 215 1218
Structural HD
None 14 6 7 12
CAD 7
DCM I
AAVC location
Left free wall S
Right free wall I
Posteroseptal 5
AAVC conduction
Overt 9
Concealed 5
*Mean ± SD. AAVC = accessory atrioventricular connection; AVNR = AV node reentrant; CAD =
coronaryarterydisease; DCM = dilatedcardiomyopathy; HD = heartdisease; OR = orthodromicreciprocating.
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mechanisms weredetermined during electrophysiologic testing
by previously defined criteria (2),
Study protocol. Electrophysiologic studies were per-
formed in the fasting unsedated state at least 4 half-lives
after discontinuation of all antiarrhythmic drugs and after
informed patient consent had been obtained. Two to four
electrode catheters were inserted percutaneously into a fem-
oral or subclavian vein and were positionedagainst the high
lateral right atrium, across the tricuspid valve for recording
the His bundle electrogram. within the coronary sinus or
against the apex of the right ventricle, depending on the
clinical indication for the electrophysiologic study.
Pacing was performed with a programmable stimulator
(Bloom Associates, Ltd). Stimuli were 2 ms in duration and
twice the diastolic threshold. Recordings were made with a
Siemens-Elema Mingograf 7 recorder. Intracardiac electro-
grams were recorded at a paper speed of 100 rnrn/s and
electrocardiographic recordings (six leads at a time) at a
speed of 25 mm/s.
QRS alternans during tachycardia. In patients with
narrow QRS tachycardia, the tachycardia was induced on
multipleoccasions by programmedatrial or ventricularstim-
ulation and at least five 12 lead electrocardiographic re-
cordings of each tachycardia were obtained. QRS alternans
during tachycardia was considered present if it persisted for
at least 10 seconds and occurred at least 10 seconds after
the onset of tachycardia (I) ,
QRS alternans durin g atrial pacing. Both in patients
with and in those without narrow complex tachycardia, in-
cremental right atrial pacing was performed during sinus
rhythm for 8 to 10 seconds at cycle lengths of 500,450 and
400 ms, and then in 10 ms decrements to the point of AV
node Wenckebach block. In a pilot study of 10 patients, all
12leadsof the electrocardiogramwere recordedduring atrial
pacing at each cycle length. Whenever QRS aIternans oc-
curred during atrial pacing, it was always observed in at
least one or more of the precordial leads and never only in
a frontal plane lead. In subsequent patients, to shorten the
duration of the pacing protocol, only the precordial leads
were recorded during incremental atrial pacing.
QRS alternans during atrial pacing was considered pres-
ent if there was persistent alternation in the QRS amplitude
throughout the period of pacing. Transient QRS alternans
that was not present during the entire period of pacing was
disregarded . The presence of narrow QRS aIternans during
atrial pacing could not be assessed in the nine patients with
an accessory AV connection who had ventricular pre-ex-
citation, In seven patients who had QRS alternans during
right atrial pacing, the response to coronary sinus pacing at
the same cycle lengths was determined.
WheneverQRS alternans was observed during atrial pac-
ing, pacing at the same cycle length was repeated to test
for reproducibility. QRS alternanswas always reproducible,
although not necessarily on every attempt at atrial pacing
at a particular cycle length.
Determination of refractory periods. In each patient
the relative refractoryperiod of the His-Purkinjesystem was
determined using an eight beat atrial drive trairr (SI) at a
cycle length of 500 ms and an atrial extrastimulus (Sz) with
an initial SISz coupling interval of 480 ms. Leads VI to V6
and the His bundle electrogram were recorded while the
SISZinterval was decreased in 10 ms steps.
The relative refractory period of the His-Purkinje system
was defined as the longest H1Hz interval associated with
prolongation of the HzVz interval or a change in configu-
ration of Vz (2). For the purpose of our study, a 2 mm
change in the amplitude of Vz compared with the QRS
amplitude of the drive beats (VI) was considered a signif-
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Figure 1. Technique used to determine
the relative refractory period of the His-
Purkinje system. After aneight beat drive
train (S\SI interval 500ms), asingle atrial
extrastirnulus (S2) was inserted at an ini-
tial coupling interval (S\Se) of 480 ms:
the SIS2 interval was shortened in 10-ms
steps . Therelative refractory period of the
His-Purkinje system was defined as the
longest HIH ~ interval (or YIYe interval)
associated with achange of2 rnrn orgreater
in amplitude of Ye of the QRS complex
resulting from S2' A, At an SIS2 interval
of 440 ms, the QRS complex after S2 is
I mm taller than preceding QRS com-
plexes in lead Ye. B, At an SIS2 interval
of 430 ms , the QRS after S2 is now at
least 2 rnrn larger or smaller than are pre-
ceding QRS complexes in leads Y2• V,
and Y4 . The relative refractory period of
the His-Purkinje system in this example
is equal to the YI Y! interval of 480 ms.
A.
V,~~~~r-r­
5,52440 mi .
icant change in configuration (Fig. I). In a pilot study of
10 patients, the HIH2 interval that defined the relative re-
fractory period of the His-Purkinje system was always equal
to the V IV 2 interval, and in subsequent patients the His
bundle electrogram was not recorded and the relative re-
fractory period of the His-Purkinje system was defined in
terms of the V I V2 interval.
The functional refractory period of the His-Purkinje sys-
tem was defined as the shortest V IV 2 interval at any HIH2
interval (2) . This was determined using an eight beat basic
drive at a cycle length of 500 ms and a single atrial ex-
trastimulus.
Infusion of isoproterenol. Among the patients with nar-
row QRS tachycardia who did not have QRS alternans dur-
ing tachycardia. the tachycardia was reinduced during a 2
to 4 JLg/min infusion of isoproterenol to assess the effect of
an increase in tachycardia rate. The response to incremental
atrial pacing and the relative and functional refractory pe-
riods of the His-Purkinje system were then determined again.
However, isoproterenol was not administered to eight pa-
tients either because their tachycardia was associated with
hypotension in the baseline state or because of time con-
straints.
Among the patients without narrow QRS tachycardia,
incremental atrial pacing and determination of the relative
and functional refractory periods of the His-Purkinje system
were repeated during an infusion of isoproterenol if QRS
alternans was not present during atrial pacing in the baseline
state. Isoproterenol was used in these patients because it
allowed for more rapid atrial pacing in the presence of I: I
AV conduction.
Data analysis. The following variables were examined
as possible determinants of QRS alternans during narrow
QRS tachycardia or atrial pacing or both: I) age; 2) presence
of structural heart disease; 3) tachycardia cycle length;
4) atrial pacing cycle length; 5) tachycardia mechanism;
6) shortest atrial pacing cycle length associated with I: I AV
conduction; 7) the relative and functional refractory periods
of the His-Purkinje system; 8) the site of the accessory AV
connection in patients who had such an accessory connec-
tion; 9) the atrial pacing site (high right atrium versus coro-
nary sinus); and 10) the site of tachycardia induction (atrium
versus ventricle).
Continuous variables were compared using the Student's
t test. Discrete variables were compared with chi-square
analysis or with Fisher's exact test. A probability (p) value
of less than 0.05 was considered significant.
Results
QRS aIternans during narrow QRS tachycardia. QRS
alternans was observed in 6 (43%) of 14 patients during
orthodromic reciprocating tachycardia,S (71%) of 7 patients
during an atrial tachycardia and 3 (43%) of7 patients during
AV node reentrant tachycardia. The incidence of QRS al-
ternans in the various types of tachycardia did not differ
significantly (p > 0.05) .
Orthodromic reciprocating tachycardia (Table 2). The
mean tachycardia cycle length among the six patients who
had QRS alternans during orthodromic reciprocating tachy-
cardia (270 ::!:: 36 rns) was significantly shorter than that in
the eight patients who did not have QRS alternans (335 ::!::
35 ms) (p < 0.01) . QRS alternans during orthodromic re-
ciprocating tachycardia was observed with equal frequency
in patients who had a posteroseptal accessory AV connection
(three [60%1 of five patients) and in those who had a left
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Table 2. QRS Alternans in 14 Patients With Orthodromic Reciprocating Tachycardia
Baseline
1:1 AVt
During Isoproterenol
Tachycardia Right Atrial Pacing
CL(ms) All Alt CL(ms) 1:1 AVt
NI 0 350
NI + 270-240 240
Tachycardia
Case CL(ms) Alt All
I 320 + 0
2 260 + 0
3 230 + *
4 290 + *
5 290 + *
6 230 + +
7 370 0 0
8 380 0 0
9 380 0 *
10 320 0 *
II 300 0 *
12 310 0
13 320 0 *
14 300 0 *
Right Atrial Pacing
CL(ms)
330-290
390
330
260
350
400
310
320
+
o
+
o
290-260 260
350
*The response to atrial pacing could not be assessed because of ventricular pre-excitation; tShortest atrial pacing cycle length (ms) associated with
I : I atrioventricular (AV) conduction through the normal conduction system; + = present; 0 = absent; All = QRS alternans; CL = cycle length;
Nl = tachycardia not induced during isoproterenol.
free wall accessory AV connection (three [38%] of eight
patients) (p > 0.05),
Atrial pacing in patients with an accessory AV con-
nection (Table 2). Atrial pacing during sinus rhythm was
performed in five patients who had a concealed accessory
AV connection, QRS altemans was observed during atrial
pacing in one patient (Case 6) and was not observed in four
patients, two of whom had QRS altemans during ortho-
dromic reciprocating tachycardia. In these two patients (Cases
I and 2) the shortest atrial pacing cycle length associated
with I: I AV conduction exceeded the tachycardia cycle
length by 70 ms.
Isoproterenol in patients with an accessory AV con-
nection (Table 2). The effect of isoproterenol was assessed
in two patients who did not have QRS altemans during
orthodromic reciprocating tachycardia in the baseline state,
In one patient (Case 7) the tachycardia cycle length short-
ened from 370 to 310 ms and QRS altemans was observed.
The effect of isoproterenol on the response to incremental
atrial pacing was assessed in four patients who had a con-
cealed accessory AV connection, In two patients who did
not have QRS altemans during atrial pacing in the baseline
state (Cases 2 and 7) QRS altemans was observed during
atrial pacing after the infusion of isoproterenol (Fig. 2). The
cycle length at which QRS altemans was observed in each
case was 60 ms shorter than the shortest pacing length cycle
associated with I: I atrioventricular conduction in the base-
line state,
Other observations during orthodromic reciprocating
tachycardia. In four patients who did not have QRS al-
temans during orthodromic reciprocating tachycardia, di-
astole was scanned during the tachycardia with a single
ventricular extrastimulus. In each patient, transient QRS
altemans was observed after the premature ventricular de-
polarizations, resolving within 15 QRS complexes (Fig. 3),
Atrial and AV node reentrant tachycardias (Table 3).
There were no significant differences between patients who
had atrial and AV node reentrant tachycardias, and therefore
these two subgroups were combined for the purpose of anal-
ysis. The mean tachycardia cycle length among the eight
patients in whom QRS alternans was present during tachy-
cardia (302 ± 46 ms) was significantly shorter than that in
the six patients who did not have QRS alternans (415 ±
30 ms, p < 0.(01).
Atrial pacing in patients with atrial and AV node
reentrant tachycardia (Table 3). Among the eight patients
who had QRS alternans during tachycardia, right atrial pac-
ing during sinus rhythm induced QRS alternans in each (Fig,
4). Coronary sinus pacing was performed in seven, and in
each patient QRS alternans was observed at the same pacing
cycle length that resulted in QRS alternans during right atrial
pacing,
In the group of six patients who did not have QRS al-
ternans during tachycardia, QRS altemans was observed
in three (Cases 20, 21 and 25) during right atrial pacing at
cycle lengths between 60 to 120 ms shorter than the tachy-
cardia cycle length, Among the remaining three patients,
QRS alternans was observed in one (Case 26) at a paced
cycle length of 280 ms during isoproterenol infusion (Fig.
5). In the baseline state, the shortest cycle length associated
with I: I AV conduction in this patient was 430 ms.
Determinants of QRS alternans during narrow QRS
tachycardia (Table 4). Pooling all patients with narrow
complex tachycardia and comparing the 14patients who did
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March 1987:4H9-99
MORADY ET AL.
QRS ALTERNANS
493
Figure 2. Patient 7. Orthodromic re-
ciprocating tachycardia and right atrial
pacing. A, In the baseline state, or-
thodromic reciprocating tachycardia
has a cycle length of 370 ms and QRS
alternans is not present. The record-
ings are interrupted by display of the
voltage standard. 8, During an iso-
proterenol infusion of 2 ,ug/min. right
atrial pacing at a cycle length of 260
ms results in sustained QRS alternans
in leads V" V2 and V, . QRS altemans
started after the fourth beat of the pac-
ing train and persisted during the 10
seconds of pacing. During isoprotere-
nol infusion, QRS altemans was also
present during tachycardia, which had
a cycle length of 310 ms, 60 ms shorter
than that in the baseline state.
1 sec.
B
and the 14 patients who did not have QRS alternans during
tachycardia , the only variable that distinguished the two
groups was the tachycardia rate. The presence of QRS al-
temans was not related to the tachycardia mechanism, rel -
ative or functional refractory period of the His-Purkinje
system, age, pre sence of structural heart disease or induction
technique (atrial versus ventricular stimulation).
Patients without narrow QRS tachycardia (Table 5).
QRS altemans was observed during right atrial pacing in 4
(20 %) of 20 patients who did not have narrow QRS tachy-
cardia. The mean atrial pacing cycle length at which QRS
alternans was observed was 380 ± 34 ms. Among the 15
patients without QRS alternans during atrial pacing, the
shortest atrial pacing cycle length associated with I: I AV
conduction was 42 3 ± 82 ms (p > 0 .05 ) versus 380 ±
34 ms .
During the infusion of isoproterenol, QRS altemans was
observed during atrial pacing in II (55 %) of the 20 patients .
This included each of the four patients who had QRS al-
ternans in the baseline state plu s an additional seven patients .
Determinants of QRS alternans during atrial pacing
in patients without narrow QRS tachycardia. In the II
patients without narrow QRS tachycardia in whom QRS
alternans was observed with atrial pacing during an isopro-
terenol infusion, the mean atrial pacing cycle length at which
QRS alternans occurred was 307 ± 26 ms. This was not
significantly different from the shortest pacing cycle length
associated with I: I AV conduction in the nine patients in
494 MORADY ET AL.
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Figure 3. Patient 3. Orthodromic reciprocating
tachycardia. During the tachycardia there was a
minorrightventricular conductiondelay;thecycle
length varied between 380 and420 ms andQRS
alternans was absent. After a ventricular extra-
stimulus(arrow), QRS alternanswas induced in
leads V~, V4 and V5, but resolved within 15
complexes after the ventricular extrastimulus.
As thecouplinginterval of theextrastimulus was
decreased in 10 ms steps, a similar response was
evoked after each ventricular premature depo-
larization .
whom QRS altemans was not observed (314 :±: 49 ms,
p > 0.05) . Comparing the two groups of patients, there
were no significant differences in age, presence of structural
heart disease, the longest atrial pacing cycle length asso-
ciated with AV node Wenckebach block or the relative or
functional refractory period of the His-Purkinje system.
Effect of gradual increase in rate. In six of six patients
who had QRS altemans during abrupt atrial pacing at cycle
lengths between 310 and 270 rns, QRS alternans was not
observed when the same atrial pacing cycle lengths were
achieved gradually, starting at a cycle length of 400 ms
(Fig. 6).
Electrocardiographic leads demonstrating QRS alter-
nans. During episodes of narrow QRS tachycardia asso-
ciated with QRS alternans, 12 lead electrocardiographic re-
cordings demonstrated that QRS altemans was present most
commonly in lead V3 ( I I patients) followed by lead V2 (8
patients) and lead VI (7 patients). QRS alternans was ob-
served in the frontal plane leads and in leads V4, V 5 and
V6 in one to four patients each. During atrial pacing, leads
Table 3. QRS Alternans in 14 Patients With Atrial or AV Node Reentrant Tachycardia
Baseline During Isoproterenol
Tachycardia Right Atrial Pacing Tachycardia Right Atrial Pacing
Case CL(ms) All All CUms) I : I AVt CL( ms) All All CL( ms) I : I AVt
15 A 310 + + 350 350
16 A 340 + + 340-300 300
17 A 320 + + 350-330 330
IH A 380 + + 390-330 330
19 A 270 + 0 360 NI + 290 290
20 A 390 0 + 330 270
21 A 440 0 + 320 320
22 AVNR 230 + + 330 310
23 AVN R 280 + + 340-300 300
24 AVNR 290 + + 290-260 260
25 AVNR 390 0 + 280 280 320 0 + 280 270
26 AVNR 460 0 0 430 380 0 + 280 280
27 AVNR 390 0 0 340 Nl 0 300
28 AVNR 420 0 0 430 380 0 0 380
tShortest atrial pacing cycle length ( rns) associated with I : I atrioventricular conduction through the normal conduction system: A = atrial:
AVNR = AV node reentrant; other abbreviations as inTable 2.
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Figure 4. Patient 23. AV node reen-
trant tachycardia. A, The tachycardia
cycle length is 280 ms and there is
markedQRS alternans. B, Rightatrial
pacing at a cycle length of 340 ms
results in a functional right bundle
branch block lor two beats, then sus-
tained QRS alternans in lead V,. QRS
alternans was presentdown to a pacing
cycle length of 300 ms, which was the
shortest cycle length associated with
I:I conduction in this patient. TheQRS
alternans became more pronounced as
the pacing cycle length shortened .
I I I
I I
I
I I
I I I I I I I I I I I
I I I I I , I I , , I I
{(
B
V I to V6 were recorded in each patient. QRS altemans was
observed most commonly in lead V, (20 patients) followed
by lead V2 (II patients) and lead V4 (8 patients). QRS
altemans was observed in leads VI, V5 and V6 in three to
six patients each.
Discussion
The results of this prospective study indicate that the
occurrence of QRS alternans during a narrow complex
tachycardia is independent of the tachycardia mechanism.
QRS alternans was present in equal frequency in patients
with orthodromic reciprocating tachycardia, atrial tachy-
cardia and AV node reentrant tachycardia. The most im-
portant determinant of QRS altemans during a narrow com-
plex tachycardia was the tachycardia rate.
Tachycardia rate and QRS alternans. The importance
of tachycardia rate as a determinant of QRS altemans is
borne out by four lines of evidence. First, in both patients
with orthodromic reciprocating tachycardia and in those with
atrial or AV node reentrant tachycardias, the tachycardias
that demonstrated QRS alternans had a significantly shorter
mean cycle length than did those that did not demonstrate
QRS altemans. Second, in patients with QRS altemans dur-
ing tachycardia, QRS altemans reproduced by rapid atrial
pacing during sinus rhythm was clearly a rate-dependent
496 MORADY ET AI..
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Figure 5. Patient 25. AV node reentrant
tachycardia. In the baseline state, the
tachycardia cycle length was 390 ms and
QRS alternans was not present. A, During
isoproterenol infusion, the tachycardia
cycle length shortens to 320ms, butQRS
altemans is still not present. B, Right atrial
pacing at a cycle length of 280msresults
insustained QRS alternans in lead V4 after
the fifth beat of the pacing train.
phenomenon. Third, in patients without QRS alternans dur-
ing tachycardia, QRS alternans was often observed with
atrial pacing during sinus rhythm at pacing rates that ex-
ceeded the tachycardia rate. Finally, QRS aIternans was
observed either during tachycardia or during atrial pacing
in additional patients after the administration of isoprotere-
nol, which increased the tachycardia rate and also allowed
for more rapid atrial pacing rates during sinus rhythm.
In most patients in whom QRS alternans occurred at a
critical pacing cycle length, it was also observedat all pacing
cycle lengths between the initial critical cycle length and
the point of AV node Wenckebach block. However, in some
patients there was only a single pacing cycle length or a
range of cycle lengths at which QRS alternans wasobserved,
with QRS alternans being absent at shorter atrial pacing
cycle lengths. Therefore, although QRS alternans during
atrial pacing is rate dependent, it is not necessarily depen-
dent on attainment of the fastest pacing rates associated with
I: I AV conduction.
In patients who developed QRS alternans during abrupt
atrial pacing at particular cycle lengths, QRS alternans did
not occur when the same pacing cycle lengths were attained
gradually. This observation suggests not only that a critical
rate is necessary for QRS aIternans to occur, but also that
the critical rate must be attained abruptly.
Refractoriness of the His-Purkinje system. Green et
al. (I) suggested that patients with orthodromic reciprocat-
ing tachycardia may have anatomically or functionally dif-
ferent conduction systems than do patients with other types
of supraventricular tachycardia and that these differences
Table 4. Determinants of QRS Alternans During Narrow QRS Tachycardia
QRS Alternans
Present Absent p Value
Number 14 14
Tachycardia cycle length (ms) 288 ± 44t 369 ± 52 < 0.001
Tachycardia mechanism
Orthodromic reciprocating 6 (43)* 8 (57) NS
Atrial 5 (36) 2 (14) NS
AVNR 3 (21) 4 (29) NS
Relative refractory period of 430 ± 32 436 ± 24 NS
His-Purkinje system (rns)
Functional refractory period of 371 ± 32 385 ± 28 NS
His-Purkinje system (ms)
Age (yr) 40 ± 14 46 ± 13 NS
Structural heart disease 1(7) 0 NS
Site of tachycardia induction
Atrium 10 (71) 8 (57) NS
Ventricle 4 (29) 6 (43) NS
*Numbers in parentheses represent percentages; tMean ± SO; NS = not significant: other abbreviations
as in Table I.
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Table 5. QRS Alternans During Atrial Pacing in 20 Patients Without Narrow QRS Tachycardia
Right Atrial Pacing Atrial Pacing During Isoproterenol
Case All CL(ms) 1:1 AV-r Alt CL(ms) 1:1 AV-r
29 + 390 390 + 300-290 290
30 + 340-320 320 + 310-240 240
31 + 370 370 + 330-320 280
32 + 420-390 340 + 320-280 280
33 0 430 + 320 290
34 0 330 + 270 260
35 0 410 + 260 260
36 0 390 + 320-310 270
37 0 350 + 290 290
38 0 480 + 350 330
39 0 390 + 310-270 260
40 0 470 0 400
4\ 0 300 0 260
42 0 440 0 320
43 0 560 0 290
44 0 430 0 350
45 0 500 0 300
46 0 380 0 330
47 0 560 0 330
48 0 310 0 240
t Shortest atrial pacing cycle length (rns) associated with I : I atrioventricular conduction through thenormal
conduction system: other abbreviations as in Table 2.
might cause changes in conduction at faster heart rates. In
our study, determination of the relative or functional re-
fractory period of the His-Purkinje system in most patients
with an accessory AV connection was not possible because
of ventricular pre-excitation. However, no difference was
found between the five patients with a concealed accessory
AV connection in whom the relative and functional refrac-
tory periodsof the His-Purkinje systemcould be determined
and patientswithother typesof narrow complex tachycardia
or patients without supraventricular tachycardia. Further-
more, there was no difference in the relative or functional
refractory period of the His-Purkinje system between pa-
A. 1 sec .
I I I I I I I I I I I I I I , I I I
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Figure 6, Patient 6. Rapid atrial pacing.
A, During an infusion of isoproterenol,
the abrupt onset of atrial pacing at a cycle
length of 300 ms results in persistent QRS
alternans in lead V4. This was a repro-
ducible response that also occurred with
abrupt pacingat cycle lengthsof 310, 290,
280 and 270 ms. B, When pacing was
initiated at a cycle length of 400 ms and
the pacing cycle length was gradually de-
creased to 270 rns, QRS alternans was
not observed. Shown is a continuous re-
cording of lead V4 at pacing cycle lengths
between 360 and 290 ms.
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tients who had QRS altemans during narrow complex tachy-
cardia and those who did not. However, the refractory pe-
riods of the His-Purkinje system were determined in this
study only at a basic drive cycle length of 500 ms. Differ-
ences in refractoriness of the His-Purkinje system at shorter
cycle lengths cannot be ruled out.
The observation that QRS alternans is observed with
equal frequency during rapid atrial pacing in patients without
narrow complex tachycardia and in patients with narrow
complex tachycardias provides additional evidence that the
occurrence of QRS alternans does not require the presence
of special conduction system characteristics that might be
limited to patients with an accessory AV connection.
Direction of input into the conduction system. The
occurrence of QRS alternans during orthodromic recipro-
cating tachycardia was independent of the location of the
accessory AV connection. Furthermore, in patients who
underwent pacing from both the high right atrium and coro-
nary sinus, whenever QRS alternans was observed during
right atrial pacing, it was also observed during coronary
sinus pacing at similar cycle lengths. Therefore, the direc-
tion of input into the conduction system does not appear to
be a determinant of QRS alternans.
Concealed retrograde conduction. A prior case report
(3) described a patient who had QRS alternans during or-
thodromic reciprocating tachycardia but not during AV node
reentrant tachycardia, despite the fact that both tachycardias
had the same cycle length. Both tachycardias were induced
with ventricular pacing, and it was suggested that different
degrees of concealed conduction in the His-Purkinje system
accounted for the presence of QRS alternans during ortho-
dromic reciprocating tachycardia and not during AV node
reentrant tachycardia. In our study, the occurrence of QRS
alternans did not depend on whether the tachycardia was
induced by atrial or ventricular stimulation. A premature
ventricular depolarization introduced during orthodromic re-
ciprocating tachycardia in patients without QRS alternans
resulted in QRS altemans, but the QRS alternans was always
transient. Furthermore, rapid atrial pacing in the presence
of I: I AV conduction resulted in QRS alternans in many
patients who had QRS alternans during narrow QRS tachy-
cardia. For these reasons, it appears that concealed retro-
grade conduction in the His-Purkinje system is an uncom-
mon determinant of sustained QRS altemans.
Mechanism of QRS alternans. Hoffman and Suckling
(4) demonstrated in vitro that the abrupt onset of rapid
stimulation of a papillary muscle results in alternation of
action potential duration. Furthermore, Tchou et al. (5) dem-
onstrated that the relative refractory period of the His-Pur-
kinje system oscillates on a beat to beat basis when there
is a sudden acceleration in rate and suggested that this phe-
nomenon was related to an alternation in action potential
duration. They postulated that an alternation in action po-
tential duration is caused by oscillation in the diastolic in-
terval, which may accompany a sudden increase in rate.
Tchou et al. (5) suggested that the mechanism of QRS
alternans during a narrow QRS tachycardia may be an os-
cillation in action potential duration (and therefore refrac-
toriness) within the His-Purkinje system. The results of our
study are consistent with this hypothesis. Alternatively, it
may be that QRS alternans is related to oscillation in action
potential duration and refractoriness within ventricular myo-
cardium.
Changes in R wave amplitude may be caused by changes
in heart volume (6,7), ischemia (8,9), a change in contrac-
tility (10) or a change in electrical axis (11). One or more
of these factors could conceivably explain the occurrence
of QRS alternans during a narrow QRS tachycaridia. How-
ever, the observation that QRS altemans depends on an
abrupt increase to a critical rate is more easily explained by
an alternation in action potential duration than by one of
the other factors listed.
Transient QRS alternans. In some patients in our study,
QRS alternans was observed only at the onset of tachycardia
or atrial pacing, resolving after 8 to 15 complexes in the
absence of a change in cycle length. Miles and Prystowsky
(12) found that right bundle branch refractoriness progres-
sively shortens as the preceding drive train duration in-
creases. They suggested that this phenomenon may explain
the spontaneous resolution of functional right bundle branch
block during supraventricular tachycardia. It is possible that
this phenomenon may also explain the spontaneous reso-
lution of QRS alternans, which may reflect a minor form
of functional block in the His-Purkinje system.
Diagnostic value of QRS alternans. In contrast to our
study, Green et aI. (I) found that the presence of QRS
alternans was highly specific for orthodromic reciprocating
tachycardia. This discrepancy may be attributable to the
retrospective nature of their study and also to the absence
of a 12 lead electrocardiographic recording of the tachy-
cardia in every patient. In our study, multiple 12 lead elec-
trocardiograms of every induced tachycardia were recorded,
and in many patients QRS alternans was present in some
but not all the electrocardiograms. Therefore, if only a single
electrocardiogram of a tachycardia were available for retro-
spective review, this could result in an underestimation of
the incidence of QRS alternans. Furthermore, in the study
of Green et al., recordings of only leads I, II, Ill, VI and
V6 were available for review in some patients (Dr. Martin
Green, personal communication). This may also have re-
sulted in an underestimation of the incidence of QRS al-
ternans, because in our study QRS altemans was often ob-
served only in lead V3. However, the results of Green et
al. were based on analysis of 163 narrow complex tachy-
cardias, whereas our study included only 28 such tachy-
cardias. Our study therefore cannot rule out an association
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between orthodromic reciprocating tachycardia and QRS
alternans, However, our results suggest that if such an as-
sociation exists, it is a function more of the rate of tachy-
cardia than of its mechanism.
Limitations. Our study has the following limitations: I)
The stimulator used did not allow control of the coupling
interval between the last sinus beat and the first beat of the
drive train during episodes of rapid atrial pacing. Therefore,
it was not possible to systematically evaluate the importance
of the initial coupling interval in the occurrence of QRS
alternans during atrial pacing. 2) Because 9 of 14 patients
with orthodromic reciprocating tachycardia had anterograde
conduction through the accessory AV connection during
sinus rhythm and had ventricular pre-excitation during atrial
pacing, it was not possible to determine the relative or
functional refractory period of the His-Purkinje system or
the occurrence of narrow QRS alternans during atrial pacing
in these patients. 3) on the basis of the hypothesis that QRS
alternans during narrow complex tachycardia is related to a
minor conduction delay in alternate beats, the relative re-
fractory period of the His-Purkinje system was defined in
terms of a change in QRS amplitude instead of a change in
QRS duration or infranodal conduction time. It is recognized
that changes in QRS amplitude after an atrial extrastimulus
could possibly be related to motion of the heart, instead of
to a minor aberration in conduction.
Conclusions. QRS alternans during narrow QRS tachy-
cardias is a rate-related phenomenon that is independent of
the tachycardia mechanism. Our results are best explained
by QRS alternans being a manifestation of a minor degree
of aberration in alternate QRS complexes, caused by alter-
nation in action potential duration and refractoriness in the
His-Purkinje system or ventricular myocardium in response
to a sudden rate increase.
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